This work focused on the study of sprays produced by pressure atomizers of single-hole type when subjected to air crossflows at atmospheric pressure. The study was carried out in a wind tunnel. Prior to spray characterization, the air flow inside the wind tunnel was evaluated with the use of laser Doppler anemometry. The sprays were first characterized using shadowgraph, which allowed a qualitative evaluation of the overall quality of atomization. Subsequently, the use of phase Doppler anemometry allowed performing detailed measurements of the spray droplet diameters and the two velocity components as a function of the injection angle. The main findings of this study are as follows: i) the liquid column disintegration process is significantly affected by the liquid injection angle and, less considerably, by the liquid to air momentum flux ratio ii) the SMD values decrease noticeably as the injection angle of the liquid increases; iii) the characteristics of droplet diameter and velocity distributions vary significantly with the distance to the injector.
Introduction
The atomization of liquids in air crossflows is an important topic in the areas of combustion, agriculture and pharmaceutical industry. For example, in the case of combustion, some combustors for gas turbines use the fuel injection (gas or liquid) in a recirculation region of combustion products [e.g., 1, 2] . In practical terms, this requires the fuel to be injected by pressure atomizers (in the case of liquid fuels) from the combustion chamber walls, thus forming an angle with the main flow inside. It is therefore important to study the sprays characteristics produced by this type of atomizers in air crossflows. There are, however, only a limited number of studies available in literature concerning this area of atomization, and the vast majority only considers cases where the liquid is injected at an angle of 90 degrees with respect to the crossflow. Furthermore, the use of liquid angled injection (i.e., where the liquid is injected at angles smaller than 90 degrees with respect to the gas phase crossflow) is very common in combustion, agriculture and pharmaceutical application areas. Hence, this paper aims at extending the present knowledge in this area of liquid jets atomization.
Relevant related studies of round liquid jets in gaseous subsonic crossflows included those of references [3] [4] [5] [6] [7] [8] [9] [10] [11] . An important conclusion from these studies was that the liquid column trajectories correlate well with the liquid injection angle, α, and liquid-to-air momentum flux ratio, q. With the exception [6, 10, 11] , the available studies in the literature only consider the case where the liquid is injected with at an angle of 90 degrees with respect to air crossflow. In this context, it is important to extend the knowledge regarding angled injection of liquid sprays in crossflows, especially at a higher velocity range than that already reported in the literature.
The main objective of this work consists on the characterization of sprays produced by single-hole pressure atomizers, when subjected to subsonic air crossflows at atmospheric pressure conditions. The study was conducted in a wind tunnel, where the air flow was previously characterized with the use of laser Doppler anemometry (LDA). Subsequently, the spray characterization was carried out using shadowgraph and phase Doppler anemometry (PDA). Special emphasis was given to the effect of the liquid flow injection angle on the atomization characteristics. Table 1 summarizes the operating conditions employed in the present study. Figure 1 shows instantaneous spray images that reveal the effect of the liquid injection angle on the atomization process. It can be seen that the spray opening angle increases with the liquid injection angle, α: the larger the injection angle, the greater the droplets dispersion. 
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